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The photocyclization of cis,cis-cyclohepta-I ,3-diene (1) to give bicyclo[3.2.0lhept-6-ene (2) proceeds through a 
two-step process, in which the cis,cis-isomer (1) isomerizes photochemically to the highly strained 
cis,trans-cycloheptadiene (5) which in turn cyclizes thermally to give the bicycloheptene (2); the cis,trans-isomer (5) 
was trapped chemically by acidic methanol at room temperature to give the methanol adducts (3) and (4), and was 
detected spectroscopically upon low-temperature irradiation. 

cis,cis-Cyclohepta-173-diene is known to cyclize to give 
bicyclo[3.2.0]hept-6-ene (2) in good yield upon irradiation,' in 
contrast to the preferred cis-trans-photoisomerization of the 
next higher homologue cis, cis-cyclo-octa-l,3-diene.2 This 
process is believed to proceed through a photochemical 
disrotatory ring-closure following the Woodward-Hoffmann 
rule,3 although the intervention of the cis, trans-isomer has 
been suggested.4 In some reactions, cis, trans-cyclohepta-l,3- 
diene and its derivatives have also been postulated as transient 
species without any direct evidence,S-7 while attempts to trap 
cis, trans-cyclohepta-3 $dienone by using cyclopentadiene 
and furan were ~ns~ccessful .7~ 

Our recent investigations have shown that the direct and the 
sensitized photolysis of cis-cycloheptene both produce the 
highly strained trans-isomer, which is stable at -78 "C and can 

Table 1. Direct photolyses of cis, cis-cyclohepta-l,3-diene (1) .a 

Yield (%)" 

Solvent [ H Z S 0 4 ] / ~  Conv. (%) (2) (3) (4) 
Pentane 0 68 96 C C 

Methanol 0 40 85 C 
C 

3 ,  0.03 46 75 1.5 1.5 
7 9  0.2 48 71 7.8 4.4 
7 ,  1 .o 36 32 27 13 

a Irradiated at 254 nm for 20 min at room temperature under nitrogen. 
Chemical yield based on cycloheptadiene consumed. c Not detec- 

ted. 

be trapped by acidic methanol to give a methanol adduct.8 
This result and the reported photochemistry of cyclo-octa-l,3- 
diene2 prompted us to study whether cis, trans-cyclohepta-l,3- 
diene was an unstable intermediate in the photochemistry of 
the &,cis-isomer. We now present evidence for the presence 
of cis, trans-cyclohepta-l,3-diene in its ground electronic state, 
and report its chemical and spectroscopic properties. 

Direct irradiation at 254 nm of a 10 mM pentane solution of 
cis, cis-cyclohepta-l,3-diene (1) at room temperature gave 
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Scheme 1 
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bicyclo[3.2.0]hept-6-ene (2) in excellent yield? as reported 
earlier.' Photolysis in neutral methanol led to the same result, 
whereas irradiation in methanol containing 0.03-1 .O M 
sulphuric acid afforded additional products, i. e. 3-methoxy- 
cycloheptene (3) and 7-methoxybicyclo[4.1 .O]heptane (4).$7 
As shown in Table 1, the combined product yield6 of (3) and 
(4) increased with increasing acid concentration at the expense 
of the cyclization product (2). This result indicates the 
intervention of a common precursor to the products (2)-(4). 

In order to identify this precursor, compound (1) was 
irradiated at 254 nm in an isopentane-methylcyclohexane 
matrix at -196 "C in a transparent quartz Dewar vessel. 
Figure 1 shows that the original absorption at 245 nm due to 
(1) decreased gradually, with an accompanying increase at 275 
nm, an isosbestic point being observed at 270 nm (traces 
a-e). When the sample after 40 s irradiation (trace e) was 
kept in the dark for 30 min at -196 "C, no further change was 
observed. Warming of this sample to room temperature 
followed by recooling to -196 "C did not lead to recovery in 
the optical density at 245 nm, but the optical density decreased 
over the whole wavelength range giving trace f. Subtracting 
trace f from e gave the difference spectrum (e-f), which has a 
maximum at 272 nm and is ascribable to the unstable species 
which disappears upon warming. These spectral changes 
indicate: (i) that upon irradiation the cis, cis-isomer (1) does 
not cyclize directly to (2) but is first transformed into an 
intermediate which possesses an absorption maximum at 272 
nm; (ii) that the intermediate is stable at -196 "C [it is 
unstable at -78 "C (see later)]; (iii) that upon warming, the 
intermediate does not isomerize geometrically regenerating 
the starting material (1) but is transformed into the final 
product (2) which has no absorption above 220 nm. Irradiation 
of the same solution at -78 "C also gave a similar reduction in 
optical density at 245 nm and an increase at ca. 275 nm, but the 
spectrum of the resulting species, which is analogous in shape 
to trace c in Figure 1, showed that it was not stable at this 
temperature. A plot of optical density at 270 or 280 nm vs. 
time showed an exponential decay and the reaction followed 
first-order kinetics with a rate constant of 2.3 X 10-3 s-1 or a 

f All irradiations were carried out in quartz tubing or cell under 
nitrogen, using a 30 W mercury resonance lamp fitted with a Vycor 
filter. Gas chromatographic analysis was performed on a 1.5 in 
column of Apiezon L, which gave satisfactory separation of com- 
pounds (1)-(4) and cycloheptane internal standard. In order to avoid 
direct injection of highly acidic methanol and tailing of the solvent 
peak, the methanol solution was usually poured into aqueous sodium 
carbonate, the mixture extracted with pentane, and the pentane 
extract chromatographed, although direct injection of methanol 
solution gave no significant difference. 

$ A control run showed that, in the dark, a methanol solution 
containing 10 mM (1) and 1 .O M sulphuric acid did not give detectable 
consumption of (1) or formation of (3) or (4) after 3 h at room 
temperature, while the same mixture gave the adduct (3) in 5% yield 
after 21 days at room temperature or in 6% yield upon 20 h refluxing. 

1 The products (3) and (4) isolated from a large-scale irradiation by 
preparative g.c. showed identical i.r., n.m.r., and mass spectra and 
g.c. retention times with those of authentic specimens synthesized 
independently. 

§ Relatively rapid and quantitative thermal conversion of (4) into (3) 
occurred at room temperature in the presence of higher concentra- 
tions of sulphuric acid. That the (3)/(4) ratio increases with increasing 
acid concentration, as shown in Table 1, does not indicate the 
intervention of different precursors to (3) and (4), but rather may be 
accounted for in terms of the above mentioned acid-catalysed 
conversion of (4) into (3). 
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Figure 1. (A) Spectral changes upon direct irradiation at 254 nm of 
0.12 mM cis,cis-cyclohepta-l,3-diene (1) in a 3: 1 isopentane- 
methylcyclohexane matrix at -196 "C: (a) 0 s; (b) 10 s, (c) 20 s, (d) 
30 s, (e) 40 s; (f) trace (e) warmed to room temperature and recooled 
to - 196 "C. (B) Spectrum of cis,truns-cyclohepta-l,3,-diene (5 )  
obtained by subtracting trace (f) from (e). 

lifetime of 7.1 rnin at -78 "C for the decay of the transient 
intermediate. These results all support the intervention of 
cis, trans-cyclohepta-l,3-diene ( 5 )  as a common intermediate 
which undergoes thermal conrotatory cyclization to give (2) 
under neutral conditions and/or suffers protonation to give 
methanol adducts (3) and (4) in acidic methanol. [The lifetime 
of -7 min at -78°C is too long for an electronically excited 
state of (1) to be the precursor of (2), and rules out direct 
conversion of (l)* into (2).] The photochemistry of cyclohep- 
tadiene may be summarized as in Scheme 1. 

Assuming that the cis, cis-isomer (1) which is consumed 
upon irradiation at -196 "C is quantitatively transformed to 
the cis,trans-isomer (5), the molar extinction coefficient of ( 5 )  
at - 196 "C may be calculated, from analysis of Figure 1, as 
2000 dm3 mol-1 cm-1 at h,,,, 272 nm, whereas the corre- 
sponding value for the cis,cis-isomer (1) is 10300 dm3 mol-l 
cm-1 at Amax, 245 nm. The bathochromic shift and the reduced 
molar extinction coefficient of (5)  are characteristic of strained 
trans-cycloalkenes.Gl1 

Compound ( 5 ) ,  containing a conjugated n system, possesses 
an unexpectedly short lifetime (z 7.1 min at -78 "C) compared 
with 1-phenyl-trans-cycloheptene (4.2 min at ambient temper- 
ature) ,9 trans-cyclohept-2-enone (> 17 min at ambient temper- 
ature),lo or trans-cycloheptene (45 s at 25 "C).8 This may be 
attributed both to the feasibility of the unimolecular ring- 
closure process which is not accessible for the above- 
mentioned trans-cycloheptenes and also to the twisted trans- 
double bond of (9, which possesses a favourable conforma- 
tion for the allowed conrotatory ring-closure and therefore 
accelerates the process as has been demonstrated in the 
ring-closure of cis, trans-cyclo-octa-l,3-diene at 80 "C.2 
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